Thirty Corsican "autumn maquis" honeys were characterized by the typical combination of autumnal taxa: Arbutus unedo, Hedera helix, Smilax aspera, Rosmarinus officinalis, and two Asteraceae pollen forms. Corsican origin was characterized by the diversity of the taxa's biogeographical origins and significant presence of Castanea sativa and Quercus sp. Volatile fractions of "autumn maquis" honeys were dominated by isophorone and 3,4,5-trimethylphenol. The latter is reported in A. unedo honey for the first time. Otherwise, both A. unedo flower and "autumn maquis" honeys exhibited high contents of isophorone derivatives. H. helix honey exhibited phenylacetaldehyde, benzyl nitrile, 3-hydroxy-4-phenylbutan-2-one and nonanal as major compounds, which were scarcely represented in the studied "autumn maquis" honey samples.
According to the European Union decree of Protected Designation of Origin (PDO) of Corsican honey [16] , the Corsican "autumn maquis" honeys are dominated by A. unedo nectar. In this study, the volatile compositions of Corsican "autumn maquis" certified by melissopalynological analysis (geographical and botanical origins) and A. unedo flowers were characterized, for the first time, in order to establish a chemical relationship between the nectariferous resource and the corresponding honey.
Melissopalynological analysis of honey samples:
Sixty-three taxa were identified in the thirty "autumn maquis" honeys and classified according to their flowering periods (Table 1 -supplementary material). Table 1 (supplementary material) also shows the pollen spectrum and pollen density of each sample. The characteristic taxon of the honey flow period, Arbutus unedo T1, is known as an underrepresented pollen type because of its flower form and its large pollen size [17] . It varies from 0.7% to 40.1%, with an average of 12.5%. Seven samples (7, 8, 13, 15, 23, 25, and 26 ) had a relative frequency (RF) RF Arbutus > 16%. Only two samples (20 and 22) displayed RF Arbutus < 3%. This species is associated with other autumnal nectariferous and/or polleniferous taxa, namely, Hedera helix (T2), Smilax aspera (T3), Asteraceae Dittrichia form (T4) and fenestrated form (T5), Rosmarinus officinalis (T6), Odontites sp. (T7), Asparagus sp. (T8), and Cupressaceae (T9). H. helix (T2) was reported in all the samples (0.3-50.5%) and appeared as the dominant taxon in two honey samples (2 and 3, RF > 45%).
To clarify the role of H. helix in these honeys, one H. helix honey sample was investigated. Pollen analysis showed that it exhibited very high values of RF Hedera (94.6%) and pollen density (225  10 3 PG/10 g). This result suggests that H. helix displays an overrepresented pollen type and its RF in "autumn maquis" honey is not significant for the nectar contribution.
The taxa directory also shows a wide diversity of taxa that provide spring honey flows {Erica arborea (T10), Echium sp. (T11), Quercus sp. (T12), Cistus sp. (T13), Fraxinus ornus (T14)} and summer blooms {Rubus sp. (T15), Jasione montana (T16), Anthyllis hermanniae (T17), Eucalyptus sp. (T18), Myrtus communis (T19)}. An overrepresented taxon of summer blooms, Castanea sativa (T20), was also identified in all the honey samples; RF Castanea varied from 6.1% to 75.7% (three samples had RF Castanea > 70%). According to RF Castanea reported for Corsican "chestnut grove" honeys [18] , no nectar contribution of this species is supposed in "autumn maquis" honey samples. The Corsican origin of samples was characterized by the diversity of the biogeographical origin of identified taxa [19] [20] , and significant presence of Castanea sativa (T20) and Quercus sp. (T11). Contrary to this, Sardinian strawberry tree honeys show the combination of A. unedo, Eucalyptus sp., Echium sp., Cistus sp., and Citrus sp. [21] .
The pollen density of Corsican "autumn maquis" honey varies between 20.6 and 271.3  10 3 PG/10 g. This great variation was NPC Natural Product Communications 2014 Vol. 9 No. 10 1523 -1526 Dihydroisophorone
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Hydrocinnamyl [25] [26] [27] . c Retention indices on the Rtx-1 apolar column. d Means ± SD, Min and Max values expressed as percentages from the 30 honey samples and 17 A. unedo flowers evaluated. e RI, Retention index; MS, mass spectra in electronic impact mode; Ref., compounds identified from commercial data libraries: [25] (C31, C43, C49); [26] (C9, C23, C38, C41, C42); and [27] (C2, C12, C15, C21, C33, C35, C36). also observed in Sardinian honeys from A. unedo [21] . These results could be attributed to the high pollen quantity of overrepresented taxa such as Castanea sativa for the Corsican honeys and Eucalyptus sp. for the Sardinian honeys. Corsican Arbustus unedo honeys Natural Product Communications Vol. 9 (10) 2014 1525 Volatile analysis of honey samples: Analysis of volatile fractions of "autumn maquis" and Hedera helix honeys enabled the identification of 21 and 28 compounds, comprising 72.9-85.4% and 78.5% of the total composition, respectively ( Table 2 ). The main compounds in "autumn maquis" honeys were isophorone (C32) (34.8%) and 3,4,5-trimethylphenol (C48) (27.1%). The volatile fractions of these samples showed high contents of isophorone derivatives (42.5%): isophorone (C32), 4-oxoisophorone (C34), and -isophorone (C23). These three isophorone compounds were detected in low proportions in H. helix honey (3.8%). Conversely, the volatile fraction of H. helix honey was dominated by phenolic compounds (57.4%), followed by linear compounds (12.9%). Phenylacetaldehyde (C20) (25.3%), benzyl nitrile (C33) (15.8%), nonanal (C29) (7.3%), and 3-hydroxy-4-phenylbutan-2-one (C49) (6.3%) were identified as the major compounds of H. helix honey. These components (C20, C29, C33, and C49) were either absent or present in only low concentrations in "autumn maquis" honeys (0-1.3%). These results confirmed that the high content of H. helix pollen in some "autumn maquis" honey is not indicative for nectar contribution.
Physicochemical analysis of honey samples:
In this study, for the first time, 11 volatile components were reported in the A. unedo honeys. Furthermore, this is the first time that 3,4,5-trimethylphenol (C48) has been identified as a major compound of A. unedo honey. A high content of isophorone derivatives has been described in the volatile fractions of Sardinian and Spanish A. unedo honeys [13] [14] [15] . Conversely, the volatile composition of A. unedo honeys from Greece was characterized by a high content of phenolic compounds and the absence of isophorone components [12] .
Volatile analysis of A. unedo flower:
Thirty compounds were identified in the volatile fraction of A. unedo flower, accounting for 71.2-96.7% of the total composition ( Table 2) . Eight compounds were detected in both flower and honey volatile fractions: 2,5dimethylfuran (C1), benzaldehyde (C13), octanal (C18), phenylacetaldehyde (C20), β-isophorone (C23), isophorone (C32), 4-oxoisophorone (C34), and decanal (C40). The main compounds of A. unedo flower were 4-oxoisophorone (C34) (18.9%), heptan-2one (C10) (8.0%), β-isophorone (C23) (6.3%), and 2-pentylfuran (C17) (6.2%). It should be noted that volatile fractions of flower and honey showed high contents of isophorone derivatives (26.2% and 42.5%, respectively), such as isophorone (C32), 4oxoisophorone (C34), and β-isophorone (C23). In addition, the A. unedo flower displayed a higher content of linear compounds (32.9%), while the honey was rich in phenolic compounds (39.7%).
This study is the first report on volatile fractions of A. unedo flowers, Corsican "autumn maquis" and H. helix honeys. Thirty Corsican "autumn maquis" honeys were characterized by the typical combination of A. unedo and other autumnal taxa such as H. helix, S. aspera, R. officinalis, and two Asteraceae pollen forms. The presence of Castanea sativa and Quercus sp. pollen in Corsican "autumn maquis" honeys could be used to distinguish these samples from Sardinian A. unedo honeys. Volatile fractions of "autumn maquis" honeys were characterized by high quantities of isophorone and 3,4,5-trimethylphenol. The latter is reported for the first time in A. unedo honey. Moreover, the A. unedo flower and "autumn maquis" honeys exhibit a high content of isophorone derivatives. Otherwise, the volatile composition of H. helix honey exhibited phenylacetaldehyde, benzyl nitrile, 3-hydroxy-4-phenylbutan-2-one, and nonanal as major compounds, whereas these components were scarcely represented in the studied "autumn maquis" honeys. Finally, analysis of the volatile composition appears to be a useful method to specify the nectar or pollen contribution of taxa in honey (botanical origin), especially when nectariferous taxa display underrepresented pollen, as in the case of A. unedo.
Experimental
Honey and flower sampling: Thirty Corsican "autumn maquis" honeys, commercialized under PDO appellations, were selected from the honey reference bank of the laboratory. These honeys had been stored in a fridge below 14°C to ensure an optimal condition of honey conservation [22] . The honey samples were collected from September to January during three years (2005, 2006 and 2012). The apiaries location was from littoral to 1000 m and half of them were located above 400 m. During honey harvest, the extract frame had often white crystalized honey attributed to Hedera helix in honeycombs, which were difficult to extract. One frame honey sample was, therefore, collected directly from capped honeycombs in the laboratory in order to constitute a reference H. helix honey. This sample displayed light color; medium olfactory and aromatic intensity described as floral, which correspond to the description of H. helix honey by Persano Oddo et al. [5] . Seventeen A. unedo flower specimens were collected in full bloom in October and November 2009 from 8 Corsica localities. All these fresh flowers were analyzed within 48 h.
Melissopalynological analysis:
Melissopalynological analysis was performed using the method described by Yang et al. [18] . Pollen identification was based on the comparison with reference pollenslides available in our laboratory. Qualitative (total pollen spectrum) and quantitative (pollen density) analyses had been established for each sample. The identified taxa were expressed as relative frequency (RF) in the pollen spectrum while the pollen density was expressed as PG/10 g, which signified the absolute number of pollen grain in 10 g of honey. The melissopalynological expertise practice developed for the control of Corsican honey [19] [20] has been applied to the geographical and botanical origin determination.
Physicochemical analysis:
Two physicochemical parameter analyses were applied to the honey samples. Coloration was measured with a Lovibond Comparator apparatus according to Aubert and Gonnet [23] , and expressed as mm Pfund. Electrical conductivity was performed with a conductivity meter micro CM2210 (CRISON, Spain) and expressed as milliSiemens per centimeter (mS/cm) [24] .
Headspace -Solid phase microextraction (HS-SPME):
The HS-SPME was carried out with a divinylbenzene / carboxen / polydimethylsiloxane (DVB/CAR/PDMS, 30 m) fiber (Supelco Sigma Aldrich). The parameter optimization was performed with a honey sample and was based on the sum of total peak areas measured by a gas chromatography -flame ionization detection (GC -FID) system. The optimized parameters were: either 4 g of honey sample with 4 mL of water and 2 g of Na 2 SO 4 or 3 g of flowers in a 20 mL vial at a temperature of 70°C, an equilibrium time of 90 min, and an extraction time of 45 min. For each analysis, the fiber was reconditioned for 5 min in the GC injection port at 280°C before sampling and consecutively inserted into the GC-FID and GC-MS injection ports for 5 min for desorption of volatile components after sampling. For each sample, analysis was performed in triplicate.
GC-FID and GC-MS analysis:
Samples were injected in splitless injection mode (carrier gas: hydrogen 1 mL/min) with an SPME inlet liner (0.75 mm i.d.; Supelco). The injector temperatures were maintained at 280°C. Analysis of volatile fractions was carried out using a PerkinElmer AutoSystem XL GC apparatus (Waltham, MA, USA) equipped with a FID system and a GC-MS apparatus PerkinElmer Clarus 500 gas chromatographie coupled to a Clarus 500 mass spectrometer. The two systems were equipped with a fused-silica Rtx-1 capillary column (30 m×0.25 mm, film thickness 1 m). The oven temperature was programmed from 60 to 230°C at 2°C/min and then held isothermally at 230°C for 35 min. For GC-MS analysis, the temperature of the ion source was 150°C, and the ionization energy 70 eV. Electronic ionization (EI) mass spectra were acquired over the mass range of 35-350 Da (scan time 1 s).
Components identification was based on: i) comparison of their GC retention indices (RI) on a nonpolar column, determined relative to the retention time of a series of n-alkanes (C 5 -C 30 ; Restek, Lisses, France) with linear interpolation to the retention times of authentic compounds or data in the laboratory's library; ii) comparison of the RI and spectra with commercial mass spectral libraries [25] [26] [27] . The relative concentrations of components were calculated from the GC peak areas without using correction factors. Table 1 . Melissopalynological and physicochemical characteristics of Corsican "autumn maquis" honeys. Details of the "autumn maquis" honey pollen spectrum, including relative frequency and biogeographical code of each taxon, pollen density and physico-chemical values (coloration and electrical conductivity) of each sample.
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